In this study, multi-walled carbon nanotube (MWCNT) filled Polyevinelidenefluoride-trifluoroethylene- 
The resulting FOCs' constant phase angle (CPA) can be tuned from to by changing the wt% of the
21
MWCNTs. This is the largest dynamic range reported so far at the frequency range from 150 kHz to 2 MHz for an
22
FOC. Furthermore, the CPA and pseudo-capacitance are shown to be practically stable (with less than 1% variation)
23
when the applied voltage is, changed between 500 µV and 5V. For a fixed value of CPA, the pseudo-capacitance can 24 be tuned by changing the thickness of the composite, which can be done in a straightforward manner via the solution-25 mixing and drop-casting fabrication approach. Finally, it is shown that the frequency of a Hartley oscillator built 26 using an FOC is almost 15 times higher than that of a Hartley oscillator built using a conventional capacitor.
27
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Introduction 1
The capacitor is a fundamental electrical device consisting of an insulator sandwiched between two metal 2 electrodes and is generally used to store and control the charge and energy in circuit [1, 2] . An ideal insulator does not 3 support any conduction current, and the (conventional) capacitor introduces a phase difference between the 4 voltage and current measured at its electrode [2, 3] . Controlling this phase angle as an additional degree of freedom 5 permits design of electrical circuits that would not be possible using conventional capacitor [4] [5] [6] [7] . One of way of 6 achieving this is through the use of fractional order capacitors (FOCs) with controllable phase angles [8] [9] [10] [11] is flip-bonded on a PCB board, so that each capacitor provides a separate connection for the electrical measurements.
28
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6
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Conclusions 19
A new FOC, where the insulator is made of an MWCNT/PVDF-TrFE-CFE composite, is developed. The 20 fabrication cost of this new FOC is expected to be lower than that of the previously developed FOC, which uses a 21 rGO/PVDF-TrFE-CFE composite [9] . This is simply because the fabrication process in this work employs a simple -115181   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t previously developed FOC, which uses an MWCNT/Epoxy composite [10] . Additionally, the new FOC's CPZ does 1 not shift in frequency as the wt% of the MWCNT is changed to tune the CPA. Indeed, results presented in this work 2 demonstrate that the CPA of the new FOC can be tuned in the broad range between 65 −°and 7 −° in the fixed CPZ 3 between 150 kHz and 2 MHz. To the best of author's knowledge, this is the largest dynamic range that has been 4 reported for the CPA. Additionally, the results demonstrate that the change in the applied voltage (between 500 µ V 5 to 5 V) has almost no effect on the characteristics of the FOC. Finally, it is shown that the frequency of a Hartley 6 oscillator built using this new FOC is almost 15 times higher than that of a Hartley oscillator built using a conventional 7
capacitor. All in all, this work demonstrates that FOCs fabricated using CNT-ferroelectric polymers composites have 8 the potential to become essential components for reliable/robust electrical and electronic systems.
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